The present study was carried out to determine the monthly variations of physico-chemical parameters in water samples from Chiffa river at Blida, North West of Algeria from April to August 2006. Water samples were analyzed for physico-chemical parameters and the results showed their monthly variations as follows: pH 7.5-7.6, electrical conductivity 0.87-1.06 mS⋅cm −1 , nitrate 0-7.00 mg⋅L −1 , nitrite 0-0.28 mg⋅L −1 , ammonia 0-0.03 mg⋅L −1 , phosphate 0-0.94 mg⋅L −1 , sodium 19.3-47.0 mg⋅L −1 , chloride 35.7-52.0 mg⋅L −1 , calcium 90.3-104.7 mg⋅L −1 , magnesium 27.3-37.7 mg⋅L −1 , organic matter 0.4-3.9 mg⋅L −1 , chlorophyll a 0.7-132.3 mg⋅L −1 , and bicarbonate 219.3-248.7 mg⋅L −1 . The analyzed physico-chemical parameters were almost not exceeded the maximum permissible limit of WHO and Algerian Water Quality Guidelines. A total of 53 taxa belonging to 4 divisions have been identified, including Chlorophyta (52.83% of taxa), Bacillariophyta (28.30%), Cyanophyceae (16.98%), and Charophyta (1.89%).
Introduction
Aquatic ecosystems are particularly vulnerable to environmental change and many are, at present, severely degraded [1] . The availability of good quality water is an indispensable feature for preventing disease and improving quality of life. The physico-chemical properties will also help in the identification of sources of pollution, for conducting further investigations on the ecobiological impacts and also for initiating necessary steps for remedial actions in case of polluted water bodies [2, 3] . Therefore, the nature and health of any aquatic community are an expression of quality of the water. In recent years, increase in human population, demand for food, land conversion, and use of fertilizer have led to faster degradation of many freshwater resources [4, 5] . The discharge of urban, industrial, and agricultural wastes has added the quantum of various harmful chemicals to the water body considerably altering their inherent physicochemical characteristics [6] . The monitoring of quality of such surface waters by estimating hydrobiological parameters is among the major environmental priorities as it permits direct assessment of the status of ecosystems that are exposed to deleterious anthropogenic factors [7] . The alteration in physico-chemical parameters leading to eutrophication has become a widely recognized problem of water quality deterioration [5] .
Phytoplankton constitutes the basic components of the aquatic food chain. They act as primary producers and represent themselves as a direct food source for other aquatic animals.
The interplay of physical, chemical, and biological properties of water most often leads to the production of phytoplankton, while their assemblage (composition, distribution, diversity, and abundance) is also structured by these factors.
The literature on freshwater algae in Algeria is scarce and limited to a few areas. Vast areas remain unexplored. In addition, the extreme diversity of aquatic ecosystems necessitates a constant knowledge of freshwater algae. However, the work of Gauthier-Lievre [8] and Baudrimont [9] Nasri et al. [11] [12] [13] [14] , Soumati et al. [15] , Souissi et al. [16] , Amri et al. [17] and Ouartsi et al. [18] were interested mainly in Cyanophyceae in the North East of Algeria (Lake Oubeira). Other studies relate to populations of phytoplankton of the river Cheliff [19] , Lake Oubeira by Branes et al. [20] or Diatomophyceae of river Kabir [21] , and phytoplankton from Ghrib dam [22] .
The literature reveals that there is no scientific study carried out with respect to ecological characteristics of Chiffa river, and the main objective of this work has to analyze various physico-chemical parameters and to examine the phytoplankton from April to August 2006.
Materials and Methods

Study Area.
Chiffa river is located in the north-western part of Algeria ( Figure 1) ; it originates in the Medea Mountains and sinks to the bottom of the gorge of Chiffa, in the Blidean Atlas between the Blida massive and the Mouzaia massive. With a length of 35 km, it is one of the main tributaries to Mazafran river [23] .
Analysis of Water.
The surface water samples were collected from three points, namely, S1, S2, and S3 ( Figure 2 ) between 8 and 10 a.m. from April to August 2006. Though the three stations were selected for sampling, average values of samples are taken for each parameter studied.
To collect water samples, cleaned and rinsed plastic containers of two-liter capacity were used. Water samples were tested for different physico-chemical parameters. The chemical parameters as pH and temperature were measured in the field using a pH meter. Conductivity of water was measured in the field by a conductivity meter. Nitrate, nitrite, chloride, and phosphate were analyzed according to the standard methods described by [25, 26] . Samples for cations (calcium, magnesium) were analyzed by atomic absorbance spectrophotometry, while sodium was measured by flame photometry. Bicarbonate was determined by acid titration method. The organic matter was determined by permanganate oxidation method [26] . Subsamples were filtered (Whatman GF/C membranes) and used to quantify chlorophyll-a spectrophotometer, (after acetone extraction) [27] .
Phytoplankton Collection and Preservation
2.3.1. Preservation. Phytoplankton samples were collected by using filtering water samples using plankton net (mesh size 105 m) and preserved in 1000 mL plastic bottle by adding 5 mL of 4% formalin concentration. The preserved samples were kept for 24 h undisturbed to allow the sedimentation of plankton suspended in the water. After 24 h, the supernatant was discarded carefully without disturbing the sediments and the final volume of concentrated sample was about 10 mL.
Qualitative and Quantitative Analysis of Phytoplankton.
Quantitative analysis of phytoplankton was done by putting one drop of fixed sample (0.040 mL) on the glass slide and studying it under inverted microscope. The results were obtained by recording the number of organisms per mL. The species were identified under microscope and classification was done with standard works [28] [29] [30] [31] [32] [33] [34] and more specific literature.
Statistical Analysis.
Correlations between physicochemical parameters were analyzed using Pearson's correlation. We then compared these physico-chemical parameters among different months using Kruskal-Wallis ANOVA on ranks or Student's t-test for comparison with references. Results are given as mean ± SE.
Results and Discussion
3.1. Physico-Chemical Parameters. The results of mean values of physico-chemical parameters are given in Table 1 , Figure 3 .
The water temperature plays an important role in the solubility of salts and gases. It is one of the most significant parameters which control inborn physical qualities of water. In this study, the water temperature fluctuated between 15.0 ∘ C and 22.7 ∘ C. The maximal temperatures were recorded in July and August (22.7 ∘ C). The variations in ambient temperature followed a seasonal climatic pattern. The temperatures observed were lower than the Algerian standards; we may recall that temperatures higher than 15 ∘ C favor the development of microorganisms and activate chemical reactions [35] .
The pH is also a factor which influences the biological activity of the water microflora. The principal component regulating ion pH in natural waters is the carbonate, which comprises CO 2 , H 2 CO 3 , and HCO 3 − [36] . Low values in pH are indicative at high acidity, which can be caused by the deposition of acid forming substances in precipitation. A high organic content will tend to decrease the pH because of the carbonate chemistry. All samples display an average pH slightly basic 7.6 ± 0.03 (range 7.5-7.6), without significant differences ( = 0.74, annex 1 in Supplementary Material available online on http://dx.doi.org/10.1155/2013/148793). Generally, the obtained values were in agreement with the Algerian and the world health organization standards (6.5-8.5). A neutral pH in the interval (6.5-8.5) characterizes water where life develops in optimal way [37] .
Conductivity is a good and rapid method to measure the total dissolved ions and is directly related to total solids [38] . The electrical conductivity (EC) of water samples in Chiffa river ranges from 0.87 to 1.06 mS⋅cm −1 , all comparable values ( = 0.83) but with a mean 0.97 ± 0.06 very significantly higher than 0.35 mS⋅cm −1 ( < 0.001) which is the average value of typical unpolluted rivers. Human activities and mainly those related to agriculture are a major cause of the presence of nitrates and nitrites in surface water. These two substances are responsible for many problems not only for environment but also for human health. Indeed, although not directly toxic, they participate in eutrophication phenomena of surface water. We have the nitrate concentration in the range (0-7.00 mg⋅L −1 ), the nitrites concentration in the range (0-0.28 mg⋅L −1 ), and the ammonium ion concentration in the range (0-0.03 mg⋅L −1 ). This allows us to notice that the rates of nitrates obtained are lower than the standards required which are in the order of 50 mg⋅L −1 [39, 40] (Table 1) . Their presence can be explained by an incomplete oxidation of the ammonia water or a nitrate reduction reaction. This pollution can be caused by intense agricultural activity (the studied region is known for its agricultural vocation) and misuse of chemical fertilizers around the sewage waste water and Chiffa river. The phosphate value varied from 0 to 0.94 mg⋅L −1 . The highest concentration of phosphate was noted in the month of May with lowest value during July and August. The main environmental impact associated with phosphate pollution is eutrophication. The US Environmental Protection Agency [41] suggested that 0.08 ppm of phosphate is the critical level for the occurrence of eutrophication in lakes and reservoirs.
Ohle [42] classified the water bodies into three categories on the basis of calcium richness: (i) poor, (ii) medium, and (iii) rich. The mean value of calcium (Ca 2+ ) and magnesium (Mg 2+ ) in the surface waters was 95.40 ± 5.33 mg⋅L −1 (range 83-105) and 32.20 ± 2.44 mg⋅L −1 (range 27-28), respectively. Owing to the calcium content in the Chiffa river, this can be classified as calcium rich waters. In aquatic environment, calcium serves as one of the micronutrients for most of the organisms. Magnesium is often associated with calcium in all kinds of waters, but its concentration remains generally lower than the calcium [43] . Magnesium is essential for chlorophyll growth and acts as a limiting factor for the growth of phytoplankton [44] . The calcium average concentration is significantly higher ( = 0.002) than the desirable limit in water which is 75 mg⋅L −1 , the maximum permissible limit being 200 mg⋅L −1 . Calcium as such has no hazardous effect on human health. According to Nisbet and Verneau [45] , water containing between 60 mg⋅L −1 and 120 mg⋅L −1 is excellent fishing waters and this is the case for the waters of the Chiffa river.
Sodium is the monovalent cation commonly present in water. This ion does not produce hardness to water. However, significantly high amounts of this ion in water create problem in its taste as well as make the water unsuitable for irrigation purpose. Sodium has also a different role in human body. It is related with the function of nervous system, membrane system, and excretory system. According to WHO [46] guideline, the maximum admissible limit is 100 mg⋅L −1 . In the study area, the Na + concentration in surface water ranges from 19.33 to 47.00 mg⋅L −1 , mean 41.93±2.38 mg⋅L −1 , and was all time significantly lower ( < 0.001) than the maximum admissible limit.
The chemical facies is dominant for cations: Ca 2+ ≫ Na + > Mg 2+ . This order is the natural composition of river's cations in worldwide [47] .
Chlorides are important inorganic anions which contain varying concentrations in natural waters [48] . Chlorides are troublesome in irrigation water and also harmful to aquatic life [49] . High concentration of chloride is considered to be the indicators of pollution due to organic wastes of animal or industrial origin. High chloride content of water indicates organic pollution of animal origin also [28] . In this study, the chloride concentration oscillated between 35.67 and 52.00 mg⋅L −1 with a mean value of 45.93 ± 4.58 mg⋅L −1 . Most of our values are within the standard desirable limit prescribed by WHO. According to Zafar [50] , chloride can be considered as one of the basic parameters of classifying lakes polluted by sewage into different categories. The high chloride content might be attributed to the presence of large amount of organic matter of both allochthonous and autochthonous origin [51] .
Organic matter was observed to be high (3.93 mg⋅L −1 ) in the month of April and minimum (0.40 mg⋅L −1 ) in June with average 1.63 ± 0.36 mg⋅L −1 .
Bicarbonate is the most dominant anion with an average value of 231.00 ± 5.52 mg⋅L −1 , minimum 219.3 mg⋅L −1 was estimated in August, and maximum 248.7 mg⋅L −1 in May. HCO 3 − is derived mainly from (i) the soil zone in the subsurface environment contains CO 2 with elevated pressure which in turn combines with rain water to form bicarbonate and (ii) the dissolution of carbonate and/or silicate minerals by carbonic acid. The relatively higher concentration of bicarbonate with respect to chloride suggests the intense chemical weathering taking place in the area.
The chlorophyll a concentration was ranged between 0.70 and 132.3 g⋅L −1 , mean 46.48 ± 22.34 g⋅L −1 , which was in parallel with the total cell number of phytoplankton with two peaks in July and August.
The Pearson's correlation coefficient between variables is presented in Table 2 
Phytoplankton.
A total of 53 phytoplankton species, belonging to four classes, were recorded for the first time during the study period (Table 3 ). Phytoplankton is characterized by the presence of cosmopolitan species. The Chlorophyceae were found to be the most diverse class which account for 53% with 22 genera, followed by Bacillariophyceae (28%) with 8 genera, Cyanophyceae (17%) with 8 genera, and one species of Nitella flexilis belonging to Charophyceae (2%) (Figure 4 ). The species composition was found identical at the three sampling stations.
Closterium, Spirogyra, and Cladophora dominated over other Chlorophyceae members. Synedra and Melosira predominantly represented Bacillariophyceae whereas Oscillatoria was found to be a predominant group of Cyanophyceae.
Population density decreased from April to May; thereafter a sharp increase was recorded till July ( Figure 5 ). After July again, phytoplankton density decreased sharply.
The highest phytoplankton density was observed in the month of July due to the increase in temperature (significantly correlated = 0.043) and influenced by seasonal variations in light intensity. It is a well-established fact that phytoplankton grow and multiply best during summer when the temperature is high [52] [53] [54] [55] and longer photoperiod [56] .
Conclusion
In conclusion, the various physico-chemical characteristics of Chiffa river as temperature, pH, electric conductivity, chloride, calcium, nitrate, and inorganic phosphorous have been compared with the trophic status as suggested by various authors (Monitoring the Water Quality of coastal waters [57] and system quality developed by Benmia and Aouabed [58] ), then this river can safely be placed under the category of mesotrophic water bodies with moderate quantity of nutrients to support relatively good biota in the river. This is due to the fact that there is few municipal sewage and industrial waste discharge to the river. Though it receives moderate amount of pollution from anthropogenic activities by local village people at present, but if the similar conditions persist in the time, Chiffa river may soon become mesotrophic to eutrophic water body. However, dredging sand activities should be discouraged in the study site in order to enhance its phytoplankton biodiversity. Regular monitoring using an optimal monitoring network at a suitable frequency is recommended to detect any unacceptable variability of pollutants and adopt appropriate remedial measures. The physico-chemical and the phytoplankton data obtained in this river could be used as a baseline and reference point when assessing further changes caused by nature or man in this river, since there has not been published information or data on this river.
